
An object of the Invention Is the p revision of e crypto- 
graph with a inytautt for high-speed >001101 operation, a bank of indicat- 
ing deviees or eleetro-nag nets for noting or record lag the cipher 
cywbols of the oesoagea aa the letter are being enciphered, and for 
noting or recording the plain-text letters oe the aBMogaa ere being 
deelphernd ; and certain ciphering nCehanlana interpoaed between the 
keyboard end the bank of indicating darioao or eleotroHnagneto for ooe- 
etantly changing the xelatioaahlp betwaea the eeaeage ohareetere and the 
eipher eyehole. The invention is priaerlly ooneernod only with the 
ciphering aeohanla* referred to obove, which la of staple daolgn but 

o 

novertholeae ylelde oryptograae of gnat aeenrity. Tbia ciphering 
ne nh e n li eoploya aeeae which are novel la the cryptographic art in that 
it Involves operation along a tine axle, end the exact cryptographic 
reaulto ere dependent upon a tine footer which is oonatantly changing 
in an Irregular earner. 

The invention is deceribed in connection with the eccoapanying 
drawings, in which 1 

Pig. 1 le a dlagnaaetle rapreaentctlon of the parte of tho 
ancbenlan together with certain circuit arrangonante ; 

fig. 2 le e dlngranuetie rcjreaontatlon of neons tor lnparting 
uniqueness to Messages even whan the letter are eneiphrred by the cane 
■ keying sequence ; 

Approved for Release bv NSA on 09-30-2013 pursuant to E.Q. 13529 

2 





REF ID : A4033 



fig. 5 1 m diagraaBStie representation of the electrical 
circuits applicable to the system aton la Tig. S| and 



rig* 4 ehoea an altematlTe 



elements of the wohuloi shown In Fig* 1. 



Of the hoolo 



Referring to rig. 1, the principal elements eonalet of'e 

if 

keyboard l f a bank of indicating da rice a £, a rotating cipher etihaatater 
hereinafter called a rotor 3. a distributor 4. a cam- wheel neehanlme 9 



hereinafter called a rotor 3 t a distributor 4, a cam- wheel mechanism 9 

.7 . 

for prodaolng a cipher key, a permutation-translation smchanlm* herein- 
after called a translator 6, and a avltfhboard 7. 



The fundaaantal cryptographic principle of the present inten- 
tion la ae follows: Keyboard operation is eyollc in character and is 
performed with a cadence similar to that In teletype operation. During 
each cycle of keyboard operation, hereinafter referred to as the operat- 
ing cycle, the successive alphabets of a complete set of 26 or store mixed 
cipher alphabets are praam ted in a fixed sequence, for potential enploy- 
flHnt In encipherment or decipherment. Only one of these cipher alphabets, 
however. Is selected during each operating cycle and the selection la 
varlad In successive operating cycles according to « very long cipher 
key established by means to be described. 

Broadly speaking, the foregoing cryptographic operation 
la accomplished practically •• follows: fbe operating cycle Is divided 
op into 99 equal time-intervals by means of the distributor 4, and a 
latter may he enciphered (or deciphered) within any one of these inter- 
vals by mesas air tie rotor 9 which is operst Ivwly coordinated with tbs 

' V'v ; * \ .* ' ■ > ^ * * ‘ . 

■ ■’* ..l! ’ * ■ V .. i *■ ' ^ • • ■ * ' • ' 













REF ID : A40335 




keyboard 1 and bank of indicating devices 2 associated with the rotor 3 . 

A specific tins* Interval is selected within each operating ojpoltjqr wni 
of the translator 6 which ia associated with the distributor 4 ' arid tie 
switchboard ?• The tins- Interval that will be selected in eaoh dasa 
varies with successors operating 07 c Is a according to a key which is 

' r 

produced by the can- wheel cipher-kay mechanism 3. Sach interval will 
yield a different result for tbs same letter. 

The keyboard 1, comprising 26 characters equivalent to 
the letters of the alphabet, has a corresponding number of contact? of 
which only two are shown sa at 10 and 11, corresponding to the letters 
2 and Q, respectively. The bank of indicating devices 2 may take the 
font of glow lamps which am illuminated when current peases through 
them but a preferred embodiment is to have the indicating devices take the 
form of electro-magnets or solenoids which operate the keys of a record- 
ing typewriter, so that a printed record of the enciphered or deciphered 
message may be made. 

The rotor 3 ia a cipher-commutator wheal of form now wel’ 
known in the cryptographic art. Zt ia mounted on a rotatable shaft 12 * 

1 » 

Pressing against rotor 3 are two stators, a left-hand stator 13 end a 
right-hand stator 14, each provided with a ring of £6 ball-bearing end 
spring contacts insulated from one another and exerting a slight pressure 
against the face of rotor 3. A motor 93, drawing power from source 94, 
drives the shaft 12 and thus the rotor 3 at a constant speed between the 
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stator 13 and 14. The rotor is made of bakslite or sinllar Insulating 

material and consists of two faces, a left-hand face and a right-hand 

face saM face hearing a ring of 26 contact surfaces A, B, C, . . . Z, 

equldletantly spaced from one another circumferentially on the outer face. 

Insulated conductors passing through the rotor connect the 26 contact 

surfaces of the left face to those of the right face, in a manner uhieh is 

face 

reciprocal in pairs. That is, if A on the left/ls connected to X on the 
right face, then X on the left face is connected to a on the right tfl-SS . 
Thus, with 33 paired contacts reciprocity in the enciphering-deciphering 
relationship le obtained without special switching arrangements therefor. 

The distributor 4 consists of a set of 26 equal-area seg- 
ments or contact surfaces IS, insulated from one another and distributed 
circumferentially on the face of the distributor. A brush arm 16, on 
the seme shaft 12 aa the rotor 3, sweeps over the face of the distributor 
4 at a constant rate of speed synchronous with that of the rotor 3. Tbs 
rotor 3 and brush arm 16 are keyed to the shaft 12 eo that these two ele- 
ments ere always In a fixed angular relationship with respect to the shaft 12 
and cannot he angularly displaced relative to each other, dua to slippage 
on the shaft. Arrangements may bs mads, however, to change the relative 
angular positions of the rotor and the brush an if desired. Brush arm 16 
terminates *n e brush 73 which sweeps over distributor segments 15 and 
establishes momentary contact with •tech of the latter successively. Dis- 
tributor segments 13 ere connected to the right-hand set of terminals 72 
of switchboard 7 by a set of conductors 17, of which only a few ere shown. 
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The cam-wheal cipher- key mscbaaiao 5 provides e long cipher kef 
for cryptographic purposes* It eoneiats of five or a multiple of five 
cam-bearing wheels SI* 22, 23 , 24 , 25 of different diameters* The 
periphery of each wheel is divided up into equal segments to ahleb pro- 
Jesting luge serving to aet as came may be attached or Into vhleh came may- 
be inserted ; the numbers of segments on the different wheels are prefer- 
ably prime to one another, for example , wheel 21 any have 100 segments, 
wheel 22 ay have 90, wheel 23 nay have 97, wheel 24 may have 91, and wheel 
25 may have 89. fixed to these wheels are ratchets 28, 27, 28, 29, 30. 

The number of teeth In each ratchet 26 to 50 corresponds with the number of 

/ 

segments in the emm-bearlng wheel with which the ratchet la associated. 
Pawls 31, 52, 33, 34, 35 on a rocker am 36, which Is operated by magnets 



37, 38, drive the cast-bearing wheels in a stepwise manner, under control 



of a universal bar key-board contact 39 through power source 40. sach time 

/<■ 

a key is depressed rocker aim: 36 and the pawls 31 to 35 serve to step wheels 

,7' . 

21 to 25 forward one interval. The cams on the peripheries of the caa- 

A' 

hearing wheels 21 to 25 control contact levers 41, 42, 43, 44 , 45 and the 

t '*. * ’ / 

/ latter operate contacts associated therewith, 141, 142, 143, 144, and 145. 



■ Mt will be understood that the segments on the periphery of each wheel 21 



1 0:^25 are smooth surfaces except where a cam is inserted la or affixed to 
/the segment end each wheel may have a cam Inserted in any number of the 

7 l ’ 

/ 

/ 

/ clotted segments. Contest levers 41 to 45 are therefore raleed end their 



associated contacts 141 to 145 are closed only when cams are presented 



/ to tfetjHa by the progressive movement of the wheels 21 to 25. Furthermore 
thejM^ eon tact levers 41 to 45 will ba operated in pexmutatlve groupings 
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ao that all 32 possible Baudot-code combinations may ba sst up by tbs 
contacts 141 to 145, for keying purposes. Contacts 141 to 145 are 
connected to conductors 46 to SO and control ob gnats 51 to 55 ( the 
function of which will be described presently. How since the can- 
bearing wheels 21 to 25 are of different diameters end they all/ step 
forward one step for each depression of a key on the key-board 1, If 
these wheels are initially aligned at a bench aark so as to correspond 
to a cipher key, this Initial allgnnant will recur only after 100 x 
99 x 07 x 91 x 89 or 7,777,469,700 letters haws bean enciphered (or 
deciphered )• Thus e cipher key of great length la aede available for 
cryptographic purposes. 

The translator 6 is an instrumentality well known in the 
art of printing telegraphy. It conalats of e set of five translator 
bars 61 to 65 which ara normally held in position by the retractile 
springe 56 to 60. The transistor bars are alotted according to the 
requirements of the Baudot or 5- unit printing telegraph code, ao that 
32 different alignments of slots may be presented to a set of 32 stunt 
bars labeled 66. Only one stunt bar can drop into a specific alignment 
of slots and when this occurs a contact associated with the selected 
stunt bar is closed, several of these oontaete ara shown at 67, it 
being obvious that there are 32 aueh contacts in all. These contacts 
67 are connected to conductors 68 which lead to the set of 38 ter minals 
69 of switchboard 7. 

It will now be coos clear that the eem-wheel cipher-key 
mechanic* 5 serves merely to select one out of 32 circuits leading 
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ta the tone Inals 68 of switchboard 7 and that this selection, being 
quite variable and depending upon the successive permutations set up 
by the cam-wheel mechanism 5, thus produces a long, variable sequence 
of keying circuits corresponding to keying characters and hereinafter 
referred to as the keying sequence. 

The 32 terminals 68 of switchboard 7 are connected to 
a corresponding number of flexible conductors 70, and the letter 
terminate in jacks, which say be inserted into plugs 71 connected 
to terminals 72 on the other side of switchboard 7. There ere but 26 
such plugs 71 and each of them baa a pair of holes for receiving jacks, 
but only six of tbsse double-hole plugs will have both holes occupied 
by jacks. By this arrangement the 32 possible resultant keying circuits 
act up by translator 6 arc reduced to 26, of which six will be "double- 
effects » , that is. In six eases t'-ie same keying character may be brought 
about by two different Baudot permutations set up by the translator 6. 
Which six keying circuits these will be depends upon the cay in which 
the flexible conductors 70 are connected to plugs 71 at any given time. 

It will be seen later t at no ambiguity Is occasioned by the presence of 
a keying circuit which Is of the double-effect type. 

referring to ?lg. 1, the electrical circuit for 
cryptographic functioning will now be described. It will be seen that the 
circuit from power source 18 to the keyboard 1 must pass through contact 
18, which la controlled by main relay 8. Hence, depression of any key 
of keyboard 1 during the time contact 18 remains open will produce no 
effect clnoc no power is being delivered to the keyboard 1 and hence no 
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circuit to the bank of indicating devices 2 is established. Let ua see 
no* upon what circumstance closure of contact 19 depends; is other words, 
let us see when main relay 8 will be energised. Let us consider a specif 14 
operating cycle x In the long sequence of op ere ting cycles n • Dur in g 
this operating cycle brush an 16 of distributor 4 will sake a complete 
revolution and a corresponding coop late revolution of the cipher com- 
mutator or rotor 3, will take place. This operating cycle x may be 
regarded as being divided up into 26 equal tine-interval a of wry short 
duration, each corresponding to a specific angular position of the brush 
am 16 and of rotor 3 In the circumferences through which these two 
eleaente are in motion. The circuit for relay 6 Includes brush 73. 
brush aim 16, and one of the 26 sequent a 15 of distributor 4. hich of 
the 26 segments 15 of distributor 4 will be ■’alive* , that ia, connected 
to power source 20 during operating cycle x depends upon the wirlig at 
switchboard 7 and upon the particular contact of the set of 32 contacts 
67 whloh happens to be closed during operating cycle x. The latter de- 
pends upon the specific permutation of operated and non-op^rsted trans- 
lator bars 61 to 65 of translator 6, and this depends in turn upon the 
specific position end composition, (as regards cams) of the cam-wheel cipher- 
key mechanism 5. Let us assume that during this specific operating cycle 
x the segment designated 74 in *lg. 1 la the one which la "alive*. A 
circuit la completed as follows: power source 20, conductor 75, main relay 

8, conductor 76, armature 77 and back contact 78 of relay 9, conductor 
79, brush arm 16 and brush 73 of distributor 4 ; the brush then being on 
segment 74 the current continues through segment 74, conductor 80,- to 
one of the contacts 72 of awltehboerd 7, and thence through the switch- 
board along one of the flexible conductors 70 to ono of tbs contacts 69 
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on the other side of the switchboard, thence along one of the conductors 
68 so that one of the contacts 67 which is closed by the selected stunt 
bar 66 of translator 6, finally along common return conductor 81, back 
to power source 20. Relay 8 is energised at the instant that brush 73 
is passing ower lire segment 74, and since rotor 3 revolves synchronously 
with brush arm 1C, the angular position of rotor 3 with respect to its 
stators 13 and 14 corresponds to tbs angular position of brush arm 16 
at that instant. The cipher resultant produced by depressing a key on 
key-board 1 will be determined by the angular position of rotor 3. The 
reason for this is that since rotor 3 has 26 ciphering positions each 
yielding a completely different set of cipher resultants for the 26 
character keys of keyboard 1, the specific cipher resultant for a specific 
keyboard character enciphered within a specific operating cycle x depends 
upon the specific segment of distributor 4 which is alive during that cycle. 

The circuit through the keyboard 1, the rotor 3 and the bank of 
Indicating devices 2 will now be described. Shan a key 10 corresponding 
to the letter "E" la depressed during operating cycle z, nothing happens 
until brush 73 reaches segment 74 of distributor 4, for the keyboard 
remains "dead" until that moment. The Instant that relay 8 is energized, 
current is delivered from power source 18 through closed contact 19 end 
armature 82 of relay 8, along conductor 83 to the contacts of keyboard 1. 

Since contact 10 is closed, the current continues along conductor 84 to 
a contact on stator 13, thance through the rotor 3, which la at that instant # 
in an angular position corresponding to that of brush arm 16, to a constant 
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66 'an right stator 14 v thenas slang conductor 87 to indicating devise 
or solenoid 86, vhioh corresponds {in this figure) to loiter 
thsnoo along oooduetor BO through clou noting relay 9, finally 
conductor 91 hack to power source 18. solenoid 88 is actuated 

f 

(or if Laps nrs used a lanp Is lighted) to inAicate the cipher 
resultant "O" for plain-text letter ”8" ■ 

.than sloe-acting relay B is snarglsad the oireuit for sain 
relay 8 Is broken at 78 whan amatnre 77 is withdrawn. i neohenleally 
controlled trip 98 engages laser 77 end holds it aeay fnm contact 
76 until the anlTeraal her on '--eyboard 1 -returns to noneal when the 
key le roleased, whereupon laser 77 la al lamed to full book nnd a lose 
78. The purpose of title arrennanent le to lnoure that not no re than 
one letter sill be ladles tad or printed per operating oyole, that la, 
par depression of a key on the keyboard* 

"tan the uni reran l ".ar on the keyboard 1 r-ec.iee the end 
of Its do'erar* strove it doses eon test 38, Shiah controls the droait 
to sssgnets 37 and 38. Rooter am 36 is operated, causinf peels 31 to S3 
to engage ratchets 86 to 30 end advancing oan-bearlng eheele 21 to 86 
one a tap forward to the next position, setting up a nee Baudot persnta- 
tlon of eontaet-lseers 41 to 43, aaao slated con tacts 141 to 143, and 
■agents 81 to 86. A new keying ebaraeter la thus established by trans- 
lator g and the ayetea la now ready for the next operating oyele* Venn 
if the mmm key is depressed on the keyboard the eqplsalaat produced nt 
the bank of ladioatiiig deslcee will be different, unless the keying 
shsraotar happens aoeidsntaUy to bs the sum as before, continued 
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J . t , t y 

■- /■/ ■-*' 

depression of the ease key will pro due* a varying sequence of equivalents 

; *s' j ' 

corresponding In length with the length of the keying sequence produced 

•' t. ■* 

by the cam-wheel mechanism 5. This latter eequenee la of great length, 

- <?■’ 

aa'haa already been explained, being the reaultant of the interaction 
Of five wheels .of different Alaaatera with different nunibere of teeth, 

i 

y . these numbers being prime to one another • 



/ 



Since the connections within the rotor S are reciprocal 

i 

In pairs, as explained, the decipherment of a message takes plaoe by 
resetting the wheels of cam-wheel mechanism S to tha initial key posi- 
tion, and Operating the keyboard 1 to correspond with tha cipher letters, 
whereupon tbs plain-text equivalents will be produced at the bank of 
Indicating devices £• 



The mechanism shown in Pig. 1 and described in the fore- 
going terms is ouch, however, that if severel messages ere enciphered 



by the aaos keying sequence they will he in tha 



series of cipher 



alphabets, and in this case there exists a possibility of a solution by 
cryptanalytlo procedure. To explain what la meant by these statements 
it is necessary to call attention to tha fact that tha cipher earnouts tor 

; ■ ' ■ j 

3 provides a set of £6 oipher alphabets and that beeleelly the crypto- 

j . j 

graphic principle of the system aa described la oh# in which the lndivid- 

. i/.': • 

ual fd&phahets of this set of £6 oipher alphabets ore brought Into play 

i ■ j *; ’ • ’ ' 

in e^‘> order. : ’4e termlned by the keying sequence sat up by the eam-wheelm. 

\ • • . . 

for *k"wpl* 4 suppose we consider this keying sequence to be each that for 



• given kay ea set up on the eaa-wheels the first 80 alphabets to bo 



i given . 'key as ■ sot ‘ \ 

/. T ■- > ■ 

I • ■ : 



MkfcKC. . - J 



' r .. ' \ i 
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brought into play are alphabet nuabero 16, 4, 19, £6, 15, 5, 15, 21, 

1£, 6, 1, 10, 22, 9, 15, 17, 26, 2, 10, £4* 00* If several aaaaagso 

atari with the aaaa Initial ooHriaal setting, the successive letters 
of all these Messages will be in the aaaa sequence of eiphar alphabata, 
and therefore the several aeasagea nay be superimposed, yielding solans 
of letters which are acfloalphabetia in composition* Or, seen if the 
aaaasgaa do not atari at ssaetly the aaaa point in the keying sequence, 
but portions of these aesaagea overlap roe another with respect to the 
keying sequence, then the overlapping portions which are in the sane 
alphabets, nay be superlapoaed • Tor example, using the seas sequence 
of alphabet nuaibers mentioned above, suppose a first asaaage begins 
with alphabet number 16, a second nasaage, with alphabet 4, a third 
one, with alphabet 19, and so on. It is merely necessary to shift the 
second message one letter to the right of the first, shift the third 
aossage one letter to the right of the seeond, end then all three aesaagea 
will he properly auperlapoaad with re ape at to the keying sequence; the 
letters in columns are now la the aaaa cipher alphabets, end the aesaagea 
era susceptible of solution by aonoelphahe tie principles. The proper 
points for super imposition can be ascertained even without u knowledge 
of the particular key settings for these three messages, from a da tailed 
study ef the repetitions between massages* St la neosssery, therefore. 

In order to clrcuanrent this possibility of suporlopoaiag aesaagea or 
part# thereof so that they will he in the mas keying sequence, to impart 
a cryptographic uniqueness to tba ae s a ag ea so as to destroy, mask, or 
suppreas repetitions brought about by the chance onoiphexaant of identical 
words 1»y Identical sequences of alphabets* 
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Itochanlam for aeoospliahing this lo shou la rig* 2. Ears 
the abaft 121 earrlaa several cipher oomtatora or rotora, Sa, 

8b, So, 3d, aad So. These rotora are ae pare tad frcm one another 
b; y atatora 122, 128, 124, 125, oaoh carrying rings of cootaeta on 
both faoea, to provide for eontlnnlty of circuit from one rotor Into 
the seat. The eoataota la these atatora, aa are those la atatora 18 
and 14, already described, are ball-bearing spring aon tacts and they 
proas again at tbe rotora ao as to bold eaeb rotor la place, and keep 
it front rotating on tbe abaft 12, except ahen rotatory motion la la- 
parted to it by wans to be described. The periphery of each rotor 
8a to So boars a collar 218 la which 20 gear teeth bare been cut ao 
as to engage with gear wheels 218 and 214 which ere wanted on abaft 12, 
tbe latter now corresponding to abaft £2 of Fig. 1. Gear wheels 218 
and 214 can be independently slid sidewise along tbe shaft 12 and keyed 
into position on tbe ebaft, by naans not shown, so as to engage tbe 
toothed collars of any two of the five rotora Sa to 8e, at the will of 
tbe operator. Gear Wheels 218 and 214 have 20 teeth and their pitch 
is the asm as those on the collars of rotora 8a and Sa, ao that tbe 
notion imparted to a rotor by wheal 213 or wheel 214 la a 1:1 drive. 

The abaft 12 la rotated by motor 28, aa In Fig. 1 ; the distributor 4 
of Fig. 2 is the distributor similarly numbered la Fig. 1, with the 
brash arm Id and brush 93. Thus, Instead of driving one rotor 8, ee 
in Fig. 1, the motor 03. and abaft 12 may drive any two of the five differ- 
ent rotora Sa to So. The function of the distributor 4 and brush am 

v -i 

10, la now the asms aa desorlbed In connection with Fig. 1, but tbs 
rotor that will bo associated with those elements la now nboeptlbls 
of variability. 
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The rotors 8s to So srs to he sot to s key, by aligalng the 

t • 

letters on their peripheries st s bench March* Sines there srs £6 

individual rotatory positions of each rotor on the shaft, there are* 

86? different initial settings of these rotors, each sash setting pro* 

riding s different set of 88 paths for the passage of electric ew rents 

froai the keyboard 1 to the honk of electro —gnats I • fhs circuit# 

fra tbs keyboard 1 through the sat of rotors 8s • £ to the bask 

of solenoids £ axe shoes dlagraena tloally in fig. 8. In this figure 

stators 18 and 14, and rotors 8a to So correspond to tbs similarly 

designated stators and rotors of Tig* 8« Tbs internal strings of 

rotors Sa, 8b, 8c, and 3d are sot reciprocal in pairs, as is the 

case with the single rotor 8 of Fig* 1, but are all randan connections* 

The rotor 8e is, hosever, different in its construction fra the other 

rotors, in that it has a ring of contacts on only one face and these 

contacts are interconnected in pairs* Thus rotor So serves es a neons 

for reversing a current coning into the set of rotors fran a contact in 

stator IS, passing through rotors Sa, 5b, 8s_, 3d, and sanding it back 

through rotors 3d, So, IPh ^ Sa to another contact in stator 13. stator 

14 nos serves no electrical function but nsroly as a nschanieal bearing 

against which rotor So presses. Belay 8, contact 19, ana tore B2, end 

battery 18 eorrespoad to slallarly designated elcaente of Fig* 1* The 

keys of the keyboard 1 noe serve a doubla function instead of a single 

function aa In Fig* 1* Sach key operates e lever which opens a contact 
« 

and clones another* For instance, when the S key Is depressed contact 
lever 10 is withdrawn fra contact 111 sad nates contact at 118* men 

18 
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relay 8 Is energised • current floes from battery 18, along ephduotor 
85, sen tact 11£, lerer 10, ocmductor 84) to a oontnet 115 in stator 13, 
thanoe through the rotors end beck to another contact (llfMin stator 13 
thanes along conductor^, lerer 11, eoataot 113, solenoid bade 
■ to battery IB* Solenoid «r* 1» eetuated and the olpber resultant of 
E la 4* Xa deciphering, assuming that the rotors arc In the Identical 
position they wars in. when enciphering (the cipb r ha/ beinr tbs soma), 
on depressing the ? key of the keyboard it sill be assn that the foliar* 

In? reciprocal deciphering oiroult Is established : Battery 13, conductor 

83, contact 114, later 11, oons*uctor 85, contact 118 in at' tor IK, through 
and fcaeV through the rotors to contact 115, conductor 84, later 10, 
contact 111, solenoid "Z” , bock to battery, lhoa, the plain-text re- 
sultant of : t is Z.m la this Benner a reciprocal eneipheriafc-deoipjer- 
ing relationship Is readily established* 

ifa till not consider the cryptographic operation of the 
system after the introduction of the foregoing features* The key for 
a massage till nop consist of the following elements s 

(1) The eoBpoeltlon of the erne thesis « (that is, the 

position a of the-came on the thesis) end their initial setting or 

* ■ . 

alignment at a bench nark; the connections et matchboard 7. 

« 

(8) The composition of the rotors, that la their Internal 
wirings; the relative order of rotors 8a, », 8o and 24 on the 
shaft, end the Initial eetting or o U g a e ei t of eU the rotors at a 
bench mark* 

(S) The rotors which are selected for engagement with 
gear eheels £13 and ft 14* 
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It beoo meg obvious that even If two massages era identical, 

' letter for latter, atm If they begin at exactly the same point la tba 
keying sequence produced by tba can wheel assembly, end even if gear 
wheel 2J5 la engaged with tba same rotor, ao long aa the setting of tha 
rotora 8a to 9a on abaft 121 la different by at leant one lattar for 
1 these tao messages, or ao long aa either of gear wheels £LX9 and t£d la 
iat to drive different rotora, the oipher taxta will be different and 
externally there will be no alga of tha internal identity of the tao 
taxta. furthermore, there la nothing to prevent there being three 
gear wheels similar to US lnataad of only two, aa ahoan is fig. 2, 
in whieh eaaa throe of tba five rotora eea be driven* And, of course, 
if there were aey 10 rotora it would be possible to have any number up 
to 9 of euoh driving gear wheels, thus affording a very wide range for 
keying pnrpoees* In other words, as now fully developed, tba system 
provides for a snltipllelty of keys, such that a uniqueness nay be 
lsparted to message! even in the easts cam wheel keying sequence, with a 
correspondingly high degree of cryptographic security* 

The translator mechanism d la fig* 1 may be replaced by n 
system of Interconnected contact-levers fid, end associated paired contacts 
shown eohematically in Tig* 4* in the latter figure, the eon tact levaro 
41 to 46 end the magnate 51 to 55 ere homologous with similarly designated 
eantaet levers end magnate of Fig. 1 and serve the same function; the bars 
61 to 65 of Tig* 4 are homologous with similarly designated bare of fig. 1 
and eerre aa equivalent function, vis* , to set up, by permutatlve arrangements 
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of eetuated and non-ectuated bare, pexantetlve errangeaento of contact- 
lavara operating switches to establish one of 52 different el real te to 

the terminals of awltehboerd 7. Xt will be aeon that perm te tire arrange- 

.* ' - 

■ante of the contact- levers as to the left or right positions will result 
In selecting one of 52 paths for a current flowing free power source SO 
to the seltehboard 7* The aagnets 51 to 55 and their associated bare 
61 to 65 mmj be replaced by multiple-contact relays sell known in the art. 

Changes, modification* and equivalent arraneeneots are contemplated 
within the scope of the invention ae defined by the appended elelma: 
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1* In a cryptograph, a keyboard comprising a set of character 
•laments, and a corresponding sat of signaling elements in operatise 
electrical connection; means including a cipher rotor mechanism for 
varying the eonnectione between the character elements and the signalling 
aleaenta, an id mach/miaa basing a multiplicity of potential ciphering 
positions and being driven sequentially and repetltlsely at a uniform 
angular velocity through all aald positions, each complete revolution of 
said rotor meohanlms constituting a ciphering cycle and each aeld cipher- 
ing cycle corresponding to the tins during which s key of the keyboard is 
depressed; end means for selecting one of said potential ciphering posi- 
tions to become the operative ciphering position within a ciphering cyole* 

8. in a cryptograph, a keyboard comprising a aat of choree ter 
elements, and a corresponding set of signaling elements in operative 
electrical connection ; a cipher rotor owe banian for varying the connec- 
tions between the character elements and the signaling elements, said 
rotor mechanism having a multiplicity of potential ciphering positions 
and being driven sequentially and repetitively ate uniform angular velocity 
through all aald positions, each complete revolution of said rotor mechanise 
constituting a ciphering cycle and each said ciphering cycle corresponding 
to the time during which a key of the keyboard la depressed; means for 
selecting one of aald potential ciphering positions to become the operating 
ciphering position within a ciphering cycle; and mesne for varying the 
•election with successive ciphering cycles, the letter corresponding to 
successive depressions of the keys of the keyboard * 
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3. In a cryptograph, a keyboard comprising a eat of character 
element* and corresponding contacts electrically aaaooiatafl therewith ; 
an Indicating mechanism comprising a set of signaling elements corres- 
ponding in number with the number of character elements and in circuit 
relation therewith ; means for establishing end varying the elec trieal 
connections between the she re e ter elements and the signaling elements, 
aaid means including a cipher rotor hawing therein a set of insulated 
conductors, said rotor being capable of assuming a multiplicity of 
potential ciphering positions; means for driving add rotor sequentially 
and repetitively at a uniform angular velocity through all aaid ciphering 
positions; each complete revolution of said rotor constituting a cipher- 
ing cycle and each aaid ciphering cycle corresponding to the time a key 
of the keyboard is depressed; means for selecting one of said potential 
ciphering positions to become the operative ciphering position within a 
ciphering cycle, said means comprising a distributor mechanism and a brush 
timed to revolve about the face of a* id distributor synchronously with said 
rotor; a circuit including a relay, which when actuated connects the key- 
board for operation 4 aaid relay being controlled through mid circuit 
in which la included the brush of said distributor mechanise ; a translator, 
and a contact dosed by aaid translator; a sat of cam wheels for oontrolllag 
said translator; and for angularly displacing the respective cam wheels 

of said set with successive depressions of the keys of the keyboard* 

4* In a cryptograph, a keyboard comprising a set of character 
elements; an Indicating mechanism comprising e sat of signaling elements. 
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both set* of elements being in circuit role t ion ; a cipher rotor for es- 
tablishing a multiplicity of connections between the character elements 
and the signaling elements; means for driving said rotor sequentially 
and repetitively through the entire series of aueh connections, the 
time required for the rotor to paes through eald series of connections 
corresponding to an operating cycla; a distributor the face of which is 
divided up into insulated segments corresponding in number with the number 
of character elements, and having s brush sweeping said segments synchron- 
ously with the rotor; a sob wheel mechanism for establishing a cipher key; 
a translator mechanism for combining the effects of said cam wheal mechanism; 
a switchboard for reducing the eald effects to s number corresponding with 
the number of character element s; a source of potential; and e relay con- 
trolled by the cam wheel mechanise through the intermediacy of said trans- 
lator mo chant an and distributor for the purpose of oonneetlng the keyboard 
to said source at a selected instant within the operating eyele. 

5. In a cryptograph, a keyboard comprising character 
elements, an indicating mechanism comprising signaling elements, and 
a cipher rotor for establishing and automatically, rhythmically, end 
sequentially varying the connections between the eharacter elements 
and the signaling elements ; means for selecting one of e set of said 
connections during the time a key of the keyboard Is dspressed; and 
me* ns for varying the selection with successive depressions of the keys 
of the keyboard. 



6. In a cryptograph, a cam-wheel mechanism for establishing 
a cipher key sequence consisting of permutations of e plural-unit cods; and 



5 
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means for translating tbs permutations set up in said code by said 
cam-wheel mechanism Into a United number of single- unit keying 
share ot era* 

?. In a cryptograph, ft cam- wheel mechanism for establishing 
a cipher key sequence consisting of pe mutations of a plural-unit code; 
means for translating the permutations set up in said code by said cam- 
wheel mechanism into a limited number of single-unit keying characters; 
and a switchboard for reducing said keying characters to a smaller number* 

8. in a cryptograph which employs a translator assembly 
hawing permutation bars and stunt bars in operatlwe electrical connection; 
means for producing a reletiwely long cipher key sequence composed of 
single-unit keying characters, said means including a cam-wheel mechanism 
for controlling said permutation bars; a set of contacts controlled by 
said stunt bars; and a distributor prowl ded with segments which are in 
electrical connection with said contacts. 

9. In a cryptograph, which employs a translator assembly 
hawing permutation bars and stunt bars in operatlwe electrical connection; 
means for producing a reletiwely long cipher key sequence composed of 
single-unit keying characters, said means including a cam- wheel mechanism 
for controlling the permutation bare of eaid translator; a set of contacts 
controlled by the stunt bars of said translator; a circuit including a 
switch board; and a distributor, the segments of which are connected to 
said contaote through said switchboard for reducing tbs number of affects 
obtainable from the translator to the number of segments on the distributor* 
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1C. In « cryptograph which employs a translator assembly Includ- 
ing permutation bars and stunt bars In operatise circuit arrangement ; 
mesna for producing a relatlrely long cipher key sequence , aeld means 
comprising & cam wheel mechanism for controlling said permutation bars; a 
get of contacts controlled by said stunt bars; a switchboard; and a 
distributor basing segments in slectrloal connection with eald contacts 
through acid switchboard adapted to reduee the number of effects obtainable 
from said trtneletor to the number of segaente oa the distributor, and to 
sary the connections between the contacts of the translator and the segments 
of the distributor. 

11. In a cryptograph, a keyboard comprising a set of character 
elements; a corresponding set of signaling clamant a, both seta of elements 
being in operatise electrical connection ; a set of rotatable ciphering 
ecmmutntora for sarying the connections between, the character elements 
and the signaling a laments , each of said commutators basing a multiplicity 
of potential ciphering positions; means for selecting one or more of said 
commutators to function as rotors; means for drislng said a lected rotor 
or ^restore sequentially and repetitively at a uniform enrulor velocity 
through all of their potential ciphering positions, each complete reso- 
lution of said selected rotor or rotors constituting a ciphering cycle, and 
each aaid ciphering cycle corresponding to the time during which a key of 
the keyboard is depressed; and means for selecting on* of seid potential 
ciphering positions to beoome the operatise ciphering position in aaid 
ciphering cycle. 
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12. Tn a cryptograph, a keyboard comprising a set of chsreoter 
•laments; a corresponding aet of signaling elements, both aata of 
•laments being in ope rat I t® eleotrlenl connection; a sat of rotatable 
Ciphering commutators for varying the eonneotiona between the character 
•laments and the signaling elements, eeoh of anid commutators having a 
multiplicity of potential ciphering positions; means for selectively 
operating one or aura of said commutators aa rotors, including means 



for striving the 



sequentially and repetitively at a uniform angular 



velocity through all of their potential ciphering positions, each complete 
revolution of said a- lasted rotor or rotors constituting a ciphering cycle 
and each said ciphering cycle corresponding to the time during which a key 
of the keyboard is depressed} means for selecting one of said potential 
ciphering positions to become the operative ciphering position in said 
dph^rlnf cycle; and means for varying the selection of said potential 
ciphering oasttlon with successive ciphering cycles. 



13. In a cryptograph, a keyboard comprising a set of character 
elements end a corresponding aet of contacts electrically associated there- 
with; an indicating meohanim associated with the keyboard and comprising a 
aat of el elements corresponding in number with the number of oharee- 

ter elements of the keyboard; a eireuit eye tern Including said sets of ele- 
ments end a source of potential; means for automatically, rhythmically, 
and sequentially establishing a multiplicity of seta of different paths 
for the p so wage of electric currents from the cos teats of the keyboard to 
the signaling elements of the Indicating mechanism; means for momentarily 
•electing one o'’ sold sets of paths end simultaneously connecting the 
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common terminal of the set of contacts of the keyboard to aaid source ao 
that an electric current initiated by depreaaing one of the keys of the 
keyboard Trill flow along one of the paths in aald selected set of paths 
to one of the signaling elements of the indicating Mechanism; and means 
for varying said momentary selection of a set of said paths with successive 
depressions of the keys of the keyboard* 

14* In a cryptograph, a keyboard comprising a set of character 
elements ard e corresponding set of contests electrically associated with 
the character elements; an Indicating mechanism associated with aaid keyboard 
and comprising e corresponding set of signaling elements; multiple sets of 
electric conductors, end means for rhythmically and sequentially Interposing 
said conductors between said keyboard and aaid indicating mechanism; means 
far selecting one of said seta of conductors and establishing opr rat ire 
electrical connect lonB between the contacts of said keyboard and the signal* 
ing elements of said indicating mechanism; and m^ans for varying said selec- 
tion irregularly and with successive degressions of ths keys of said keyboard. 

15* In s cryptograph, a keyboard comprising character 
elements; a corresponding s'*t of signaling elements in a potentially opera- 
tive electrical connection alth the keyboard; mefins comprising a rotatable 
c ommu tator for varying the connections between the keyboard elements ami 
the signaling elenenta; e motor to rotate ths commutator fits constant 
spesd, each coopV'te revolution of the commutator comprising one operating 
cycle during which the keyboard may be operated in enciphering or deciphering; 
e cam-wheel mechanism comprising a set of cam-bearing rotatable members; 
means for angularly displacing the cam-bearing members upon operation of the 
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keyboard; a a> y t of contact lerars and associated contacts controlled by 
the cam-wheel mechanics; a translator mechanism controlled by the cam-wheel 
mechanism for combining the effects of the cam-controlled eontecta and 



canning the selection of one of a plurality of cipher-keying circuits; a 
switchboard for reducing the plurality of cipher-keying circuits to a 
number of circuits correponding with the number of character elements of 
the keyboard; a distributor comprising s plurality of insulated segments 
corresponding in number with the number of character elements of the 
keyboard and connected to one side of the switchboard; s brush arm carrying 
a brush which sweeps over the segments of the distributor, the brush am 
being keyed to the name shaft on whloh the commutator is rotated so that 
the commutator and the brush on the distributor fees rotate synchronously; 
and a r lay controlled by said distributor for connecting the keyboard to s 
power source for a specific instant in the operating cycle, said Instant 
being determined by the cipher-key combination established by the cast-wheel 
mechanism. 



16. In a cryptograph, a ' eybosrd comprising a set of character 
elements with associated contacts; an indicating mechanism electrically 
associated with the keyboard and comprising a corresponding set of signaling 
element a; means for connecting the contacts wit 1 tha signaling elements 
and for wary lug said connections sequentially and rhythmically in s multi- 
plicity of ways, said means comprising stators and including ciphering 
rotors which are interposed bouaen pairs of said stators and which haws a 
multiplicity of potentially-oper* tivo ciphering positions with respect to 
said stators; a shaft carrying said rotors; means for rotating one or mors 
of said rotors at s constant angular Telocity; means for momsntarily 
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connecting the common terminal of the contacts of the keyboard la elroolt 
relation when said eeleeted rotore have reached a eeleeted ciphering 
pool t Ion, thus causing the eeleeted ciphering poeltloa of the rotore to 
aot as the operative ciphering poeltloa; and wans for varying the eeles- 
,ilbp of the drives rotore aad of their operative ciphering poeltloa with 
/ t successive depreeeione of the keye of the keyboard. 

i 

i 

17. In a cryptograph iaolttdlag a keyboard comprising a set of 

/ j eharacter elements and a eorreepoadlng eat of signaling elements; meelweult 
system including e source of potential ; wane for connecting the keyboard 
to said source for die purpose of establishing operative electrical oonneo- 
tloa between the keyboard and the signaling e laments, said means being 
actuated only during a apaolflo time- interval within a aet of equal tine- 
intervals into which each cycle of keyboard operation is divisible. 

18. In e cryptograph including a keyboard comjrising a set of 
eharacter elements and a corresponding net of signaling elements; e circuit 
system including a source of potential ; means for connecting the keyboard 
to eaid source for the purpose of establishing operative electrical connec- 
tion between the keyboard and the signaling elements, said means being 
actuated only during a specific time-interval within a set of e'-ual time- 
intervale into which each cycle of keyboard operation la divisible; and 
wans for changing the successive actuating time-intervals. 



